(19) 



J 



(12) 



(43) Date of publication: 

27.10.1999 Bulletin 1999/43 

(21) Application number: 99107548.2 

(22) Date of filing: 1 5.04.1 999 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 952 009 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 6 : B44C 1/24, B44F 1/14 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




Yamamura, Yoshihiro 


MCNLPT SE 




c/o Toyota Jidosha K.K. 


Designated Extension States: 




Toyota-shi, Aichi-ken, 471-8571 (JP) 


AL LT LV MK RO SI 


• 


Ito, Nobuhiro 






c/o Toyota Jidosha K.K. 


(30) Priority: 22.04.1998 JP 11210798 




Toyota-shi, Aichi-ken, 471-8571 (JP) 


(71) Applicant: 


(74) 


Representative: 


TOYOTA JIDOSHA KABUSHIKJ KAISHA 




Tiedtke, Harro, Dipl.-lng. et al 


Alchi-ken 471-8571 (JP) 




Patentanwaltsburo 






Tiedtke-Buhling-Kinne & Partner 






Bavariaring 4 






80336 Munchen (DE) 



(54) Method for manufacturing a thin metal film with embossed pattern 



(57) A method for manufacturing a thin metal film 
with an embossed pattern, which enables the precise 
transfer of the embossed pattern and generates a 
strong interference color is provided. An embossing belt 
1 0 having an embossed pattern formed on one surface 
thereof is coated with a thermosetting transparent resin 
12. The transparent resin 12 is dried and cured and is 
coated with PVA which is sintered to form a PVA layer 
20, whereby the transfer of the embossed pattern is 
completed. After that, the transparent resin 12 with the 



PVA layer 20 bonded to the surface opposite to the 
embossed pattern is peeled from the embossing belt 10 
and reeled in, and an aluminum layer 24 is deposited on 
the surface of the belt 10 on which the embossed pat- 
tern is formed. The aluminum layer 24 is coated with 
another transparent resin and the PVA layer 20 is 
removed through a dissolving step. Resulting resin lay- 
ers are pulverized to create a hologram pigment. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a method of 
manufacturing a thin metal film with an embossed pat- 
tern formed thereon to be used as a pigment material 
for holograms. 

2. Description of the Related Art 

[0002] Thin metal films having embossed pattern has 
conventionally been known as a pigment material for 
hologram. Such a thin metal film has an embossed sur- 
face which forms a pattern thereon, as shown in Fig. 4, 
to produce a superior iridescent effect through diffrac- 
tion and interference of incoming light. Hologram pig- 
ments using such a thin metal film show stronger 
interference colors than conventional pigments made of, 
for example, mica, as shown in Fig. 5. 
[0003] A typical method for manufacturing such a thin 
metal film with embossed pattern is disclosed in Japa- 
nese Patent Laid-Open Publication No. Hei 6-24199, in 
which the embossed pattern is first transferred to a ther- 
moplastic resin and a thin metal film is deposited on the 
surface where the embossed pattern is transferred. 
[0004] Thermoplastic resin is therefore required in 
such conventional methods. Because of this, it is diffi- . 
cult to precisely transfer the embossed pattern by 
pressing the embossed pattern formed on a die against 
the thermoplastic resin, because the resin is usually a 
relatively soft material. Also, because of the high tem- 
perature of the thermoplastic resin heated while manu- 
facturing the thin metal film with embossed pattern, 
deformation or lose of the embossed pattern that has 
been transferred to the thermoplastic resin is not 
uncommon. 

[0005] For these reasons, superior interference colors 
cannot be obtained by the thin metal film with embossed 
pattern which is fabricated using thermoplastic resin. 

SUMMARY OF THE INVENTION 

[0006] The present invention is made to solve the 
above-described problems and provides a method for 
manufacturing a thin metal film with embossed pattern 
which is capable of precisely receiving the embossed 
pattern and delivers a strong interference color. 
[0007] The above object is achieved by a method for 
manufacturing a thin metal film with embossed pattern 
according to the present invention which includes steps 
of pressing an embossed original plate against a ther- 
mosetting resin, heat curing the thermosetting resin, 
peeling off the embossed original plate from the thermo- 
setting resin, and forming a thin metal film on the 
embossed surface of the thermosetting resin. 



[0008] Alternatively, the present invention provides a 
method for manufacturing a thin metal film with 
embossed pattern including steps of applying a thermo- 
setting resin to an embossed original plate, heat curing 

5 the thermosetting resin, applying to the thermosetting 
resin a second resin having high affinity with the ther- 
mosetting resin, binding the resins together, peeling off 
the embossed original plate from the thermosetting 
resin bonded to the high affinity resin, and forming a thin 

10 metal film on the embossed surface of the thermoplastic 
resin. 

[0009] It is a feature of the present invention that a 
coating containing a hydrocarbon group is applied to the 
surface of the embossed original plate prior to applying 

15 the thermosetting resin. 

[0010] The hydrocarbon group is methyl, phenyl, 
hexyl, or decyl; the resin having high affinity with the 
thermosetting resin is polyvinylalcohol; and the thermo- 
setting resin is a silicon or acrylic crosslinking resin. 

20 [0011] It is another feature of the present invention 
that the step of heating and curing the thermosetting 
resin is carried out by heating the thermosetting resin 
until it is half-cured. 

[001 2] Alternatively, the present invention provides a 
25 method for manufacturing a thin metal film with an 
embossed pattern including steps of pressing an 
embossed surface of a heated die against a thermoset- 
ting resin while it is being cured, removing the die from 
the thermosetting resin, and forming a thin metal film on 
30 the embossed surface of the thermosetting resin. 

[0013] It is a feature of the present invention that the 
die is a transfer roller having an embossed pattern 
formed on its surface. 

[0014] Therefore, the present invention can ensure 
35 that the embossed pattern is precisely transferred by 
drying and curing the thermosetting resin on the 
embossed original plate before peeling off the resin 
from the original plate. 

[001 5] In addition, it is possible to peel off the thermo- 
40 setting resin easily from the embossing belt, because 

the thermosetting resin is adhered to a resin having high 

affinity with the thermosetting resin. 

[001 6] It is also possible to further ensure the precise 

transfer of the embossed pattern, because the thermo- 
45 setting resin is hardened while the embossed original 

plate is pressed against the resin. 

BRIEF DESCRIPTION OF THE DRAWINGS 
50 [0017] 

Fig. 1 outlines a manufacturing method of a thin 
metal film with embossed pattern according to a 
first embodiment of the present invention. 
55 Fig. 2 outlines a manufacturing method of a thin 
metal film with embossed pattern according to a 
second embodiment of the present invention. 
Fig. 3 outlines a manufacturing method of a thin 
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metal film with embossed pattern according to a 
third embodiment of the present invention. 
Fig. 4 shows the interference of a hologram pig- 
ment having an embossed pattern formed on its 
surface. s 
Fig. 5 shows the interference of mica in a conven- 
tional method. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0018] Preferred embodiments of the present inven- 
tion will be described below with reference to the 
attached drawings. 

Embodiment 1 . 

[0019] Fig. 1 illustrates a process of manufacturing a 
thin metal film according to a first embodiment of the 
present invention. In Fig. 1 , an embossed surface of an 
embossing belt 10 is first coated with a transparent 
resin 12 which is fed from a transparent resin tank 13 
and is.applied to the embossing belt 10 using rollers 15. 
The transparent resin 1 2 used is a thermosetting resin. 
The applied transparent resin 12 is adjusted to have a 
thickness of 0.1 - 5 pm, and preferably 0.2 - 0.6 \im. 
[0020] The transparent resin 12 coated on the 
embossing belt 1 0 is passed through a dryer 1 4 so as to 
evaporate a solvent and is heated and sintered at 40 - 
100 °C for about 1 0 seconds to 30 minutes until it is half- 
or fully-cured. Thus, the embossed pattern formed on 
the surface of the embossing belt 1 0 is transferred to the 
transparent resin 1 2. 

[0021] The embossing belt 10 used herein may be 
fabricated, for example, by attaching embossed nickel 
original plates to a flat and smooth surface of a continu- 
ous steel belt. In addition, it is pref enable to cover the 
embossed original plates with a coating containing a 
hydrocarbon group so as to facilitate the subsequent 
step of peeling off the embossing belt 1 0 from the trans- 
parent resin 12. Such a coating can be prepared the 
hydrolysis and condensation reactions of a material 
selected from the group consisting of dimethyldimethox- 
ysilane, methyltrimethoxysilane, phenyltrimethoxysi- 
lane, diphenyldimethoxysifane, hexyltrimethoxysilane, 
decyltrimethoxysilane, and the like, with the resulting 
solution being coated on the surface of the nickel origi- 
nal plates and sintered. Thus, the surface of the nickel 
original plates on the embossing belt 10 is coated with 
the hydrocarbon group, such as methyl, phenyl, hexyl, 
decyl, or the like. 

[0022] After that, a PVA layer 20 is formed on the sur- 
face of the transparent resin 12, which is heated and 
cured on the embossing belt 10 by applying a solution of 
polyvinylalcohol (PVA) (PVA concentration of 5 - 20 %) 
and sintering and drying it in a sintering device 16. PVA 
is fed from a PVA tank 17 to rollers 18 and is applied to 
the surface of the transparent resin 12 with the rollers 



18. The thickness of the PVA layer 20 should be 
between 1 0 - 50 [im, and preferably 20 - 30 pm, after it 
is dried at 100 - 160 °C for about 5 - 30 minutes. It is 
noted that the PVA layer 20 is a resin having high affinity 
with the thermosetting resin according to the present 
invention. 

[0023] The transparent resin 1 2 with the PVA layer 20 
adhered thereto is then peeled from the embossing belt 
10 and temporarily reeled in. 

[0024] The wound transparent resin 12 having the 
embossed pattern transferred to one surface and the 
PVA layer 20 adhered to the other surface thereof is put 
in a deposition apparatus 22, where an aluminum layer 
24 is deposited on the embossed surface of the trans- 
parent resin 1 2. The deposited aluminum layer 24 has a 
thickness of 200 - 1 ,500 A, and preferably 300 - 1 ,000 A. 
[0025] After that, the second transparent resin 12 is 
applied to the surface of the deposited aluminum layer 
24 by coating the surface with the transparent resin 12 
fed from the transparent resin tank 13 using the rollers 
15, as described above. The coating of the transparent 
resin is dried and cured using dryer 14, and the result- 
ing film having a four-layer structure is then immersed in 
a large amount of water in a dissolving apparatus 26, so 
as to dissolve the PVA layer 20 to obtain a film in which 
the transparent resin 12 covers both sides of the alumi- 
num layer 24. The dissolving step of the PVA layer 20 
can be completed in 30 seconds to several minutes. 
The resulting film having a three-layer structure is very 
thin and very fragile. Therefore, as the PVA layer 20 is 
dissolved in water and removed, the film loses its rein- 
forcement material and is spontaneously roughly pul- 
verized. After drying the roughly pulverized flakes, they 
are again crushed in order to achieve an appropriate 
size for paint pigment, thereby obtaining a thin metal 
film (or hologram pigment) with an embossed pattern 
according to the present invention. Pulverized flakes 
have a particle size of 5 - 50 jim, preferably 10-30 jim, 
and a thickness of 0.3 - 5 \im, preferably 0.5 - 1 .5 p.m. 
Pulverization can be carried out with commonly used 
means, such as a ball mill, rotor speed mill, homoge- 
nizer, or the like. 

[0026] It is preferable for the transparent resin 1 2 hav- 
ing the thermosetting nature to have a hardness 
exceeding the pencil lend hardness H after it is cured. If 
the resin is softer, it cannot be pulverized into particles 
having a diameter of less than 50 \im which are prefer- 
rable for hologram pigment. If such a softer resin is for- 
cibly pulverized, undesired scratches will be formed on 
the transparent resin 12 coated with the aluminum layer 
24 and, eventually, the transparent resin 12 will be 
detached from the aluminum layer 24. 
[0027] The transparent resin 12 made of thermoset- 
ting resin has a characteristic that it does not signifi- 
cantly swell when mixed with the solvent or the like to 
form paint. Also, the thus obtained hologram pigment is 
not softened in the paint during, for example, the drying 
and sintering step. This helps prevent deformation of 
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the embossed pattern and reduction of strength of the 
interference color. 

[0028] Examples of such a thermosetting resin are sil- 
icon based resins and acrylic crosslinking resins. In par- 
ticular, a silicon based resin, such as 5 
methyltrimethoxysilane, is preferred in respect of trans- 
parency, pulverization ability, and durability. An epoxy 
based silicon resin, such as y-glycide xypropyltrimeth- 
oxysilane, has an excellent ability of being attached to 
aluminum. It is preferable to use hydrocarbons, such as 10 
hexane or heptane, as a solvent for such thermosetting 
resins in that they can stick well to the surface of the 
nickel original plate with embossed pattern, are not 
repelled when applied to the original plate, and can eas- 
ily be peeled off when dried. is 

Embodiment 2. 

[0029] Fig. 2 shows a method of manufacturing a thin 
metal film with embossed pattern according to a second 20 
embodiment of the present invention. Similar to the 
process shown in Fig. 1 , the embossing belt 10 of Fig. 2 
is coated with the transparent resin 12 from the trans- 
parent resin tank 13 by the rollers 15 and is dried so as 
to transfer the embossed pattern formed on the 25 
embossing belt 10 to the transparent resin 12. At this 
point, the transparent resin 12 is heated and sintered to 
the half-cured state at 40- 100 °C for 10 seconds - 20 
minutes, rather than being cured completely. 
[0030] A feature of this embodiment is that a PVA layer 30 
20 is formed by contact bonding of a PVA film on the 
surface opposite to the surface facing the embossing 
belt 10 of the transparent resin 12. The PVA film is 
bonded to the transparent resin 12 through contact 
bonding rollers 28. The contact bonding rollers 28 is 35 
heated to 100 - 250 °C, and preferably 150-200 °C. so 
that the PVA film is heat bonded to the transparent resin 
12, which further ensures the contact bonding of the 
PVA film to the transparent resin 12. It is preferable to 
raise the temperature of the embossing belt 1 0 as high 40 
as possible to promote the bonding between the trans- 
parent resin 12 and the PVA film. 
[0031 ] The transparent resin 1 2 with the PVA layer 20 
formed thereon using the PVA film will spontaneously 
detach from the embossing belt 10. To avoid this, the 45 
transparent resin 12 with the PVA layer 20 bonded 
thereto is made to pass through a dryer 30 so as to fur- 
ther harden the transparent resin 12 at 100 - 160 °C for 
1 - 20 minutes. When dried, the transparent resin 12 is 
reeled in temporarily. 50 
[0032] Subsequent to the winding, similar steps as 
those shown in Fig. 1 will be repeated. Namely, after the 
aluminum layer 24 is deposited on the transparent resin 
12, another transparent resin 12 is applied to the alumi- 
num layer 24, the PVA layer 20 is dissolved and 55 
removed, and the belt is pulverized to provide hologram 
pigment. 

[0033] In this embodiment, the film strength of the 
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PVA layer 20 can be improved and the inconvenient 
deformation of the thin metal film with embossed pat- 
tern during the processing can be prevented, because 
the PVA layer 20 is formed by the PVA film. And drying 
time can be reduced because a PVA solution is not 
used. 

Embodiment 3. 

[0034] Fig. 3 shows a method of manufacturing a thin 
metal film with embossed pattern according to a third 
embodiment of the present invention. Unlike the proc- 
ess shown in Figs. 1 and 2, the embossing belt 10 is not 
used in Fig. 3. instead, the transparent resin 12 is fed 
from the transparent resin tank 1 3 through the rollers 1 5 
and is applied to a PVA film 32. The PVA film 32 has a 
thickness of 10 - 50 \im, and preferably 20 - 30 urn. A 
thickness of the transparent resin 1 2 coated on the PVA 
film 32 is 0.1 - 5 urn, and preferably 0.2 - 0.6 urn after it 
is dried and cured. The PVA film 32 coated with the 
transparent resin 12 is then made to pass through the 
dryer 14 and heated to the half -cured state at 40 - 120 
°C for 10 seconds - 10 minutes. 
[0035] Next, a die having embossed pattern formed 
on its surface is pressed against the half-cured trans- 
parent resin 1 2 so as to transfer the embossed pattern 
to the transparent resin 12. The die is heated to 100 - 
250 °C, and preferably 1 50- 230 °C. to allow the transfer 
of the embossed pattern to the surface of the transpar- 
ent resin 12 and the hardening of the transparent resin 
12 having the thermosetting nature to be carried out 
simultaneously. In this method, the embossed pattern 
can be transferred in a more precise manner because 
the surface of the transparent resin 12 is cured while the 
die is still in contact with the resin 12. Also, it is possible 
to prevent the deformation of the pattern due to shrink- 
age of the resin which is likely to occur after the die is 
taken away from the transparent resin. 
[0036] Such a die may be formed by a commonly used 
plate-shaped nickel original plate. Alternatively, it may 
be preferable to use a transfer roller 34 having an 
embossed pattern formed on its surface, as shown in 
Fig. 3. The surface of the nickel original plate or the 
transfer roller 34 is coated with a hydrocarbon or the like 
to completely prevent the attachment of the transparent 
resin 12. Such a hydrocarbon may be replaced by a 
f luororesin, preferably f luoroalkylsilane. 
[0037] It is noted that the drying step by the dryer 14, 
as mentioned above, may not be necessary depending 
on the heating condition used while transferring the 
embossed pattern to the transparent resin 12 by the 
nickel original plate or the transfer roller 34. 
[0038] After the embossed pattern is transferred to the 
transparent resin 12 using the above-mentioned die, the 
transparent resin 12 is peeled from the die and is sin- 
tered and hardened, as desired, by the sintering appa- 
ratus 16 at 100 - 160 °C for 1 - 20 minutes. This 
sintering step can be eliminated when the transparent 
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resin 12 is sufficiently hardened during the transfer of 
the embossed pattern. Then, the transparent resin 12 
with the transferred embossed pattern is reeled in and, 
after that, similar steps as shown in Fig. 1 are repeated. 
[0039] While there have been described what are at s 
present considered to be preferred embodiments of the 
present invention, it will be understood that various 
modifications may be made thereto, and it is intended 
that the appended claims cover all such modifications 
as fall within the true spirit and scope of the invention. 10 
[0040] A method for manufacturing a thin metal film 
with an embossed pattern, which enables the precise 
transfer of the embossed pattern and generates a 
strong interference color is provided. An embossing belt 
10 having an embossed pattern formed on one surface is 
thereof is coated with a thermosetting transparent resin 
12. The transparent resin 12 is dried and cured and is 
coated with PVA which is sintered to form a PVA layer 
20, whereby the transfer of the embossed pattern is 
completed. After that, the transparent resin 12 with the 20 
PVA layer 20 bonded to the surface opposite to the 
embossed pattern is peeled from the embossing belt 10 
and reeled in, and an aluminum layer 24 is deposited on 
the surface of the belt 10 on which the embossed pat- 
tern is formed. The aluminum layer 24 is coated with 25 
another transparent resin and the PVA layer 20 is 
removed through a dissolving step. Resulting resin lay- 
ers are pulverized to create a hologram pigment. 

Claims 30 

1 . A method of manufacturing a thin metal film with an 
embossed pattern, comprising the steps of press- 
ing an embossed original plate against a thermo- 
setting resin, heat curing said thermosetting resin, 35 
peeling said embossed original plate from said 
thermosetting resin, and forming a thin metal film 

on the embossed surface of said thermosetting 
resin. 

40 

2. A method of manufacturing a thin metal film with an 
embossed pattern, comprising the steps of apply- 
ing a thermosetting resin on an embossed original 
plate, heat curing said thermosetting resin, apply- 
ing to said thermosetting resin a resin having high 45 
affinity therewith, bonding these resins together, 
peeling said embossed original plate from the ther- 
mosetting resin adhered to said resin having high 
affinity with said thermosetting resin, and forming a 
thin metal film on the embossed surface of said so 
thermosetting resin. 

3. A method of manufacturing a thin metal film with an 
embossed pattern according to claim 2, further 
including the step of applying a coating containing a ss 
hydrocarbon group to the surface of said embossed 
original plate before applying said thermosetting 
resin to said embossed original plate. 



4. A method of manufacturing a thin metal film with an 
embossed pattern according to claim 3, wherein 
said hydrocarbon group is methyl, phenyl, hexyl, or 
decyl. 

5. A method of manufacturing a thin metal film with an 
embossed pattern according to claim 2, wherein 
said resin having high affinity with said thermoset- 
ting resin is polyvinylalcohol. 

6. A method of manufacturing a thin metal film with an 
embossed pattern according to claim 2, wherein 
said thermosetting resin is a silicon resin or an 
acrylic crosslinking resin. 

7. A method of manufacturing a thin metal film with an 
embossed pattern according to claim 2, wherein 
said step of heat curing said thermosetting resin is 
carried out by heating said thermosetting resin to a 
half-cured state and then sintering said heated 
thermosetting resin. 

8. A method of manufacturing a thin metal film with an 
embossed pattern, comprising the steps of press- 
ing a heated die having an embossed pattern 
formed on its surface against a thermosetting resin 
in a state of being cured, removing said die from 
said thermosetting resin, and forming a thin metal 
film on the embossed surface of said thermosetting 
resin. 

9. A method of manufacturing a thin metal film with an 
embossed pattern according to claim 8, wherein 
said die is a transfer roller having an embossed pat- 
tern formed on its surface. 
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